Abstract. We classify and describe plant communities of rocky dry grasslands on carbonate bedrock in the southwestern regions of the Republic of Macedonia. We used our own field data and literature sources to compile a set of vegetation plots that have been stored in a vegetation database, data-mined and analyzed using numerical-analytical tools such as cluster analysis and ordination. Five distinct vegetation types, here interpreted as associations, were revealed and characterized using floristic composition, ecological conditions, life forms, chorological spectrum, and topological attributes. Four associations, namely the Petrorhagio haynaldianae-Chrysopogonetum grylli, the Scorzonero-Stipetum endotrichae, the Globulario-Centaureetum grbavacensis and the Astragalo-Helianthemetum marmorei, were recognized as new. All these associations belong to the Saturejo-Thymion (Astragalo-Potentilletalia, FestucoBrometea).
Introduction
Dry grasslands are one of the most endangered habitats in Europe (Janišová et al., 2011; Vassilev et al., 2011) due to changes of traditional grassland management and a number of other threats, such as urban sprawl, afforestation and the like. This vegetation is widespread in the central and southern regions of the Balkan Peninsula, since this region experiences relatively dry and warm climate; grazing has long been in these grasslands an important agricultural activity securing the existence of these grasslands for centuries. Although there have been some older (see below) and more recent (Bergmeier et al., 2009; Aćić et al., 2013; Pedashenko et al., 2013) vegetationclassification studies of the dry grasslands in the central and southern Balkans, our knowledge of their floristic and geographic variability is far from sufficient. Micevski (1970 Micevski ( , 1971a initiated the research on the vegetation of dry grasslands in the region. This author classified the dry grasslands on carbonate bedrock into then a new alliance -the Saturejo-Thymion, and a new order -the Astragalo-Potentilletalia. Micevski later described several associations, mainly on silicate bedrocks in Macedonia (Micevski, 1972 (Micevski, , 1977 (Micevski, , 1978 Micevski and Matevski, 1984) . V. Matevski and his collaborators (Matevski and Kostadinovski, 1998; Matevski et al., 2007) published studies from western Macedonia where the dry grasslands are fairly fragmented. More recently, research was carried out in dry grasslands of northern Macedonia on noncarbonate bedrocks (Ćušterevska et al., 2012) .
In this study, we aimed to collect all high-quality vegetation-plot data on dry grasslands on calcareous bedrock in southwestern Macedonia and to investigate whether an analysis of this larger data set would recover known vegetation-classification patterns or reveal new syntaxonomic entities.
Materials and methods

Study area
We focused on the collection of vegetation plot data in grasslands on carbonate bedrocks the western and southwestern regions of the Republic of Macedonia (Fig. 1) ; the eastern part of the country is mainly composed of non-carbonate bedrock. The dry grasslands here are secondary as they were formed by long-lasting degradation of the original forest vegetation, including oak forests dominated by Quercus pubescens, Q. cerris, Q. frainetto, Q. trojana, and, in places, also by Carpinus orientalis (Rizovski, 1974 (Rizovski, , 1978 Matevski et al., 2008 The climate of the region has submediterranean character, with a pronounced dry summer season. Prilep, situated in the center of the study area, has a mean annual precipitation of 557 mm (most of the rainfall is concentrated to May and November) and mean annual temperature of 11.2 o C. The sampled grasslands occurred at altitudes ranging from 540 m to 1300 m.
Vegetation sampling
Original vegetation plot data were collected according to the standard BraunBlanquet method of field-plot sampling (Braun-Blanquet, 1964). The sampling was done during the optimal phenological period of the year -from the second half of May to mid-June. The size of the sampled plots was 100 m 2 . The choice of this sample size was motivated by the relatively homogenous vegetation at this scale and the preponderance of vegetation plot data collected at that scale in the past. The plots were located within targeted remnant patches of dry grasslands in such a way that edge effects (close forest edge, roads, and settlements) were excluded.
Data analysis
The sampled 109 relevés were entered into TURBOVEG (Hennekens and Schaminée, 2001 ). Classification was made using the PC-ORD 4 package (McCune and Mefford, 1999) integrated in JUICE software, using Ward's method (clustering) and Relative Euclidean Distance (known also as Chord Distance) as the measure of resemblance among relevés. The table sorting based on this clustering was then performed in JUICE 7.0 (Tichý and Holt, 2006) . Diagnostic species of each cluster (interpreted as associations) were defined in JUICE by calculating the fidelity of each species to each group using the phi coefficient as the fidelity measure (Chytrý et al., 2002) . The threshold of the phi value was selected at level 0.55. Diagnostic, constant, and dominant species were identified by JUICE (see the descriptions of the plant communities); the diagnostic species were recognised using the the phi coefficient greater than 0.55 (those more than 0.90 as highly diagnostic in the list of the diagnostic species in the description of the identified associations are given in bold); the constant species occur in 90% of relevés (those occurring in 100% of the relevés are also given in bold) while the dominant species are those having cover of the category 4 and 5 of the original Braun-Blanquet scale.
We have ordinated the species X relevé matrix using non-metric multidimensional scaling (NMDS), using Mass package (Venables and Ripley, 2002) We used Raunkiaer's (1934) system of life forms and we determined the chorological spectra using data of Gajić (1980) and Pignatti (2005) . The chorological spectrum is presented as percentages of each group of species within the entire species composition. Box-whiskers diagrams of altitude and slope are also presented in order to document differences between clusters (associations); these were calculated in Statistica (STATSOFT, 2007) .
The analytic table presents the results of the cluster analysis and subsequent JUICE tabular sorting. The syntaxonomic affiliation of taxa other than diagnostic ones was decided upon using expert knowledge and the unpublished database of the European Vegetation Checklist (L. Mucina et al., in prep.). Species with low frequency in the analytical table, as well as relevant locality and sampling metadata on each relevé, are listed in the Appendix.
The nomenclature follows in principle the Flora Europaea (Tutin et al., 1964 (Tutin et al., -1993 ) however it was adjusted using the Med-Check List (Greuter et al., 1984 (Greuter et al., -1989 Greuter et al., 2008) and new taxonomic and nomenclatural findings as featured in the Euro+Med Database (www.emplantbase.org). Some taxonomic concepts follow regional floras (Hayek, 1927 (Hayek, , 1931 (Hayek, , 1933 Micevski, 1985 Micevski, -2005 Matevski, 2010; Josifović, 1970 Josifović, -1986 Jordanov, 1963 Jordanov, -1979 Velchev, 1982 Velchev, -1989 Kozuharov, 1995) . Formation of the names of the new syntaxa follows the International Code of Phytosociological Nomenclature (Weber et al., 2000) .
Results and discussion
Major vegetation patterns
The cluster analysis suggested five well separated clusters (Fig. 2) . Since they show a high degree of floristic (and geographic) integrity, they are interpreted as associations (Elect. App.), such as the Petrorhagio-Chrysopogonetum grylli (Cluster 1), the SilenoThymetum ciliatopubescentis (Cluster 2), the Scorzonero-Stipetum endotrichae (Cluster 3), the Globulario-Centaureetum grbavacensis (Cluster 4), and the AstragaloHelianthemetum marmorei (Cluster 5).
NMDS with passively projected bioindicator values ( Fig. 3) illustrates the ecological differences between the associations. The Sileno-Thymetum ciliatopubescens is typically found on the wet extreme of the moisture gradient revealed along the axis 1 of NMDS. This community is found in the westernmost, precipitation-richest region of the studied area. The Scorzonero-Stipetum endotrichae is found in habitats in the southern part of the area. The stands of the Globulario-Centaureetum grbavacensis are typically found in disturbed habitats where the bedrock shows possibly the greatest influence on the floristic composition. The Petrorhagio-Chrysopogonetum grylli and SilenoThymetum ciliatopubescentis can be found at winter-mild low altitudes, whereas the Scorzonero-Stipetum endotrichae, the Globulario-Centaureetum grbavacensis and the Astragalo-Helianthemetum marmorei are confined to higher altitudes characterized by climatic extremes such as pronounced continentality.
The life-form analysis (Fig. 4) revealed that the Petrorhagio-Chrysopogonetum grylli and the Sileno-Thymetum ciliatopubescentis are richer in therophytes and are found in lowlands as is the Scorzonero-Stipetum endotrichae found in the southern part of the studied area. Hemicryptophytes prevail in the dry grassland communities confined to the high altitudes in the central part of the study area (GlobularioCentaureetum grbavacensis and Astragalo-Helianthemetum marmorei). whereas Euri-Mediterranean and Eurasian species are more common at lower altitudes and in the southern regions (Petrorhagio-Chrysopogonetum grylli, Sileno-Thymetum ciliatopubescentis and Scorzonero-Stipetum endotrichae). Steno-Mediterranean species are most common in the Petrorhagio-Chrysopogonetum grylli occurring at the lowest altitudes of all dry grasslands studied. Fig. 6 . focuses on the Balkan and Sub-Balkan geo-elements. Species of the former two geoelements are most common at higher altitudes in the central regions of the studied area (Globulario-Centaureetum grbavacensis, Astragalo-Helianthemetum marmorei), while many South-Balkan species can also be found here in degraded habitats − in the Globulario-Centaureetum grbavacensis. A high proportion of ScardoPindian elements can be found in the Scorzonero-Stipetum endotrichae at higher altitudes in the south of the region. 
The
Petrorhagio-Chrysopogonetum grylli and the Sileno-Thymetum ciliatopubescentis are found on moderate slopes (Fig. 7) , while the Scorzonero-Stipetum endotrichae, the Globulario-Centaureetum grbavacensis and the AstragaloHelianthemetum marmorei are confined to steeper slopes. No significant differences between communities were found in relation to aspect of the slope (data not shown). This community develops on deeper soils in sunny, slightly inclined habitats, at altitudes of 120−550 (750) m. There are various opinions about the floristic diversity and syntaxonomic affiliation of the Chrysopogon gryllus-dominated communities in the Balkans (Kojić 1955 (Kojić , 1957 (Kojić , 1959 We suggest that the Petrorhagio-Chrysopogonetum grylli belongs to the SaturejoThymion (Astragalo-Potentilletalia, Festuco-Brometea). It cannot be classified within the Chrysopogono-Danthonion since most of the taxa typical of the ChrysopogonoDanthonion (Danthonia alpina, Achillea chrysocoma, Silene bupleuroides subsp. staticifolia, Trifolium montanum, Trifolium ochroleucon, Luzula campestris, Leucanthemum vulgare etc.) are found on nutrient-poor (non-carbonate) soils and in Macedonia they rather prefer higher altitudes.
The Petrorhagio-Chrysopogonetum grylli represents a therophytic-hemicryptophytic community, whereas other communities of dry grasslands from the southwestern Macedonia on carbonate bedrocks are of chamaephytic-hemicryptophytic character. A larger proportion of Steno-Mediterranean and Eury-Mediterranean species can be found in this community (Fig. 5) , and the number of Balkan, South-Balkan, Scardo-Pindian and endemic Macedonian species (Fig. 6) is lower than in the other studied dry grassland communities. The Petrorhagio-Chrysopogonetum grylli, limited to region of pronounced sub-mediterranean climate which expands to the Central Balkans along the valley of the Vardar River. The Sileno-Thymetum ciliatopubescentis has already been formally described by Matevski et al. (2007) . This community develops on carbonate bedrocks at altitudes of 700-1100 m. The stands of this association are found in the nutrient-richest and moisture-supplied habitats of all the communities concerned. This vegetation is found at relatively low altitudes and therefore is considerably thermophilous.
Syntaxonomic conclusions
The dry grasslands on carbonate bedrocks in the Republic of Macedonia belong to the Saturejo-Thymion (Micevski, 1970 (Micevski, , 1971a (Micevski, , 1971b Matevski el al., 2007 The grasslands of the Saturejo-Thymion cover extensive areas throughout the Republic of Macedonia, especially in northern, western, southwestern and central regions of the country as well as in northern Greece (Bergmeier et al., 2009 ). They are of secondary origin and are a result of the destruction and degradation of various zonal forest communities, such as the Phillireo-Carpinetum orientalis, the Quercetum trojanae, the Quercetum frainetto-cerris and the like (Micevski, 1971; Matevski et al., 2007) .
